This study assessed protective effects of a continuous introduction of safe instruments in terms of reduction of needle stick injuries. The retrospective study analyzed correlations between the increasing proportion of safe instruments and a reduction of the incidence of needle stick injuries linked to such instruments in a German university hospital over 5 years. Incidents declined about 17.6% from 80.3 incidents per 1000 employees to 66.2, associated with an increase in the proportions of injuries due to instruments without protective mechanisms such as scalpels or hypodermic needles by 12.2%. For injuries due to venipuncture cannulae in various surgical and internal medicine departments, there was a negative association between the proportion of safe instruments and the incidence of injuries. For injection needles, portacath needles, and lancets in selected internal medicine departments, the number of injuries also dropped during this study interval. However, there was no clear-cut association with the percentage of safe instruments. This observational study suggests a correlation between the implementation of use of safe instruments and the reduction of needle stick injuries in a case of a graduated implementation. However, the effects are much less pronounced than in previous interventional studies.
Introduction
Along with contact and airborne transmission incidents, needle stick injuries are among the most frequent health hazards for professional health care workers [1] , endangering about 35 million employees in the health sector every day [2] . In a broad sense, needle stick injuries are defi ned as penetrating injuries of the skin due to pointed or sharp instruments that are contaminated with potentially infectious materials from the patient such as blood or other body fl uids irrespective of the presence of a bleeding wound [1] . The incidence of such injuries is estimated to be 3 million incidents per year worldwide [2] . Estimates of health care and general economic costs per needle stick injury vary from 500 euro [3] up to 1600 euro per incident [4] . Most injuries occur during medical procedures or in handling or reassembling of instruments [5] .
Despite the frequency of needle stick injuries, professional health care workers frequently have inadequate knowledge about infection risks due to these injuries [6] [7] [8] . Needle stick injuries are often considered harmless and ignored owing to time pressure on the job [9, 10] . This pressure seems to be in part avoidable: a previous analysis indicated a reduction of needle stick injuries by 13% by organizational measures alone [11] .
Ignorance of infectious disease risks also leads to such risky behavior as recapping of needles, which accounted for 9.3% of needle stick injuries in a Chinese assessment [10] and as many as 22% to 39% in a Georgian study [5] . Safety regulations for the appropriate disposal of contaminated needles were shown to be disobeyed by 28% of European students [12] . Wound disinfection and cleaning under streaming water were performed by as few as 57% and 62% of the injured, respectively, in a Chinese study [10] .
Safe instruments with integrated protection mechanisms are considered to reduce needle stick injuries that arise from neglect and ignorance [13] . The security mechanism should be easy to activate (e.g., automatically or single-handedly), and no changes of daily routine procedure should be required [14] . Good acceptance among the employees and suitable training are required to optimize the protective potential of safe instruments [10, [15] [16] [17] .
Several studies have shown signifi cant protective effects of safe instruments, resulting in a reduction of needle stick injuries by 43% to 93% depending on the study [13, [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . This wide variation depends on such factors as the kind of instrument replaced and the type of novel safe instrument used for replacement as well as the users' professions and specializations. Automated safety procedures are more effective than manual or semi-automated ones; protection rates in the case of single-handed use are better than for systems requiring both hands [27] . In contrast, manually or semi-automatically operated systems offer more fl exible use [15] . Health care professionals from internal medicine departments seem to derive more benefi t from safe instruments than do surgeons or pathologists [13] . Acceptance of safe instruments among employees is usually good [13, 16] .
Sudden shifts from the use of unsafe instruments to adoption of safe instruments in large health care facilities such as university hospitals are nevertheless exceptions.
Usually, continuous shifts, with proportions of safe instruments increasing and proportions of unsafe instruments decreasing, will be the rule. Data from such a shift taking place from 2008 to 2012 at the University Hospital Rostock, Germany, were analyzed in the present study. The aim was to monitor the consequences of the increasing implementation of safe instruments as expressed by reduction of the incidence of needle stick injury at a German tertiary care hospital. Furthermore, we intended to record specifi c anatomical, temporal, and circumstantial aspects of the injuries to analyze whether a subset of personnel could derive more pronounced benefi t from safe instruments.
Methods

Study design
A retrospective longitudinal assessment of needle stick injuries that were reported from 2005 to 2012 at the University Hospital Rostock was performed. Insurance reports as well as registration forms by infectious disease specialists were analyzed.
Only increase in health care workers' awareness due to this campaign has to be expected, resulting in an increased readiness to report rather than a real increase in the number of incidents.
Assessment of the study population and the modes of injury
The management of the University Hospital Rostock provided data on numbers and distributions of employees between 2005 and 2012 comprising profession, period of employment, and affi liation to departments of internal medicine, surgery, cardiac surgery, neurology, and anesthesiology/intensive care medicine. The assessed injured personnel were characterized according to the number of injuries, gender, age, profession, professional experience, and department. For injuries associated with professional activities, the parts of the body injured and the injuring instruments were recorded along with a complete analysis of the temporal distribution of the incidents throughout the month and week as well as by time of day and working hours.
Adoption of safe instruments
Safe instruments that were adopted at the University Hospital Rostock during the study interval beginning in 2008 and unsafe instruments that were still available are described in Table 1 . The old, unsafe instruments were not replaced suddenly but rather in a slow process depending on existing stockpiles and the availability of the respective products.
Data on numbers of safe and unsafe instruments delivered from 2008 to the fi rst half-year of 2012 were supplied by the central pharmaceutical facility of the hospital for major departments of internal medicine, i.e., the departments of cardiology, hematology/oncology, and gastroenterology, in which the majority of needle stick injuries occurred. For safe and unsafe venipuncture cannulae, delivery information was available for major departments of both internal medicine and surgery, i.e., the departments of traumatology, general surgery, pediatric surgery, cardiology, hematology/oncology, and gastroenterology. These data were analyzed for correlations with the number of injuries due to the respective kinds of instruments. Of note, the data sets did not indicate whether an injury occurred due to a safe or an unsafe instrument. Further, they did not allow attribution of employees to certain departments, so only absolute numbers of injuries but no yearly incidences per 1000 employees could be assessed. However, the numbers of employees in the departments of internal medicine and surgery remained stable during the study interval from 2008 to 2012.
A survey on compliance with protective procedures ran in parallel and may have biased the study. From the end of 2008 to the middle of 2009, a survey on compliance with protective procedures and medical consequences after needle stick injuries was conducted at the University Hospital Rostock [7] . This survey could have biased the study by additionally increasing the perception and reporting of such incidents. Being aware of this potential bias, we performed calculations omitting the year 2008 and the year 2009, respectively, in addition to the calculations covering the whole study period from 2008 to 2012.
Sta tistical assessment
Data on reported needle stick injuries and data on delivered safe and unsafe instruments from the central pharmaceutical facility were anonymously entered into a Microsoft Excel 2010 database and further analyzed using the statistical software IBM SPSS statistics 20.
The GraphPad Instat 3.06 software was used for assessments by linear regression of correlation between use of unsafe instruments and the incidence of injuries due to the respective instruments. ANOVA analysis was performed to confi rm that the slope differed from zero. P values <0.05 were considered signifi cant. 
Results
Characterization of the study population
Between 2005 The proportions of needle stick injuries that occurred at the departments of cardiology, hematology/oncology, and gastroenterology amounted to 22.6%, 18.4%, and 15.1% and, thus, in combination to 56.1% of registered incidents in internal medicine departments of the University Hospital Rostock during the study interval. One in six affected staff members reported repeated injuries. The mean age of staff members injured was 32.8 years in a left-shifted distribution. The most frequently affected professionals were nurses, medical doctors, and medical students in descending order, and younger professionals were more often injured than older ones (Table 2) . Multiple injuries n = 103 14.8%
• 2 Injuries n = 78 11.2%
• 3 Injuries n = 16 2.3%
• 4 Injuries n = 6 0.9%
• 5 Injuries n = 1 0.1%
• 6 Injuries n = 2 0.3% Gender (n = 838) 
Characterization of the modes of injury
The most frequent injury-associated professional activities were surgical procedures, cleaning activities, and the acquisition of blood: injection needles, hypodermic needles, and intravenous cannulae accounted for the highest number of injuries. Peripheral anatomical structures -the fi ngers with special emphasis to the digits I-III, the palm, and the forearm -were most frequently affected. Although the injuries were equally distributed during the month, their frequency was highest in the morning and during the fi rst working hours on the job and was lower at the weekends. Details are given in Table 3 .
Distribution of unsafe venipuncture cannulae and injuries due to these instruments at the University Hospital Rostock from 2008 to 2012
The Not all information was available for all data sets (n = 840). SD = standard deviation (Table 4 ). The frequency of needle stick injuries due to venipuncture cannulae in selected surgical and internal medicine departments of the University Hospital Rostock showed an analogous development (Table 4) . Linear regression identifi ed P values <0.05, suggesting a correlation with a slope different from zero (Table 5) . A negative correlation between the percentage of purchased safe venipuncture cannulae and the incidence of injuries due to venipuncture cannulae was identifi ed for the University Hospital Rostock. Considering the bias due to the needle stick survey from 2008/2009, the signifi cance disappeared if the study year 2008 was omitted from the analysis ( Table 5 ). Not all information was available for all data sets (n = 840) low, resembled the result between 2010 and 2012 when the proportion of safe instruments was high (Table 4) .
Distribution of unsafe venipuncture cannulae, injection needles, portacath needles, and lancets in internal medicine departments and injuries due to these instruments in internal medicine departments from 2008 to 2012
The percentage of unsafe venipuncture cannulae, injection needles, portacath needles, and lancets in internal medicine departments of the University Hospital Rostock dropped asymptotically during the whole study interval from 2008 to 2012 (Table 4) . For these instruments, there was a pronounced increase of injury reports from 2008 to 2009 (Table 4) , correlating well with a survey being conducted on the perception of needle stick injuries [7] . That survey showed particular high response rates from nonsurgical departments. Afterwards, there was a sharp decrease in reports from 2009 to 2010, followed by a steady state at about 10 reported injuries per year due to these instruments in the internal medicine departments assessed (Table 4). Again, this frequency of injuries resembled the situation from 2005 to 2007 when no safe instruments were in use but the awareness was still low. Correlation analysis between delivered safe instruments and associated reported injuries did not show any signifi cant correlation for the whole study interval from 2008 to 2012 (Table 5) , irrespective of the omission of the years 2008 or 2009 when the survey on the perception of needle stick injuries [7] was conducted.
Reduction of injuries and shift towards instruments without safety precautions
From 2008 to 2012, the total number of injuries was reduced by 17.6% from 80.3 incidents per 1000 employees to 66.2. For the years between these extremes, the incidences were 76.6, 65.1, and 62.8 per 1000 employees for 2009, 2010, and 2011, respectively. For instruments such as scalpels and hypodermic needles, for which no protective mechanisms were available, the relative proportion of incidents was increased by 12.2% during the study interval. For venipuncture cannulae, injection needles, portacath needles, and lancets, the proportion dropped similarly. 
Discussion
The study was conducted to monitor the impact of the increasing implementation of the use of safe instruments at a German tertiary care hospital on the frequency of reported needle stick injuries over a 5-year period from 2008 to 2012. It suggested that the use of safe venipuncture cannulae reduced needle stick injuries due to these instruments. In a subgroup analysis monitoring the adoption of safe venipuncture cannulae, injection needles, portacath needles, and lancets specifi cally at internal medicine departments, the association between adoption of safe instruments and reduced needle stick injuries seemed considerably weaker. The results might have been infl uenced by a survey on the perception of needle stick injuries from 2008 to 2009 that showed particular high response rates from nonsurgical departments [7] . During the whole study period, a total of 840 injuries were recorded. With only 200 injuries, an unrealistically low reporting frequency was observed in the years 2005 to 2007, which led to the exclusion of this period from the assessment. Subsequently, reporting procedures were revised and a structured management workfl ow after needle stick injuries was implemented [7] . This resulted in an increased awareness among employees that was further supported by the increasing adoption of safe instruments since 2008.
The frequency of reported needle stick injuries decreased considerably from 2010 compared with the situation in 2008 and 2009. Within the period from 2008 to 2012, i.e., since the beginning of the implementation of the use of safe instruments and after the change of the reporting procedure for needle stick injuries at the University Hospital Rostock, there was a marked reduction in the total number of injuries by 17.6%. This reduction was considerably lower than found in other studies [13, [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . However, one must keep in mind that the shift from use of unsafe to safe instruments had not yet been completed by 2012 during this real-life observational study, an important difference from previous interventional studies. Even the decrease by 17.6% suggests at least a mild to moderate effect of the adoption of safe instruments.
Injuries due to user error while handling yet-unfamiliar instruments may occur even when safe instruments are being introduced [10, 15, 16, 27] . Indeed, there were individual reports of injuries due to failure to activate the security mechanisms (data not shown), but the low number did not allow for a systematic assessment. Not surprisingly, there was an increase of 12.2% in the relative proportion of injuries due to instruments without safety mechanisms such as scalpels and hypodermic needles during the study interval.
Most injuries were reported by nursing staff (39.5%) and doctors (29.1%) in Rostock, similar to injury patterns reported by two recent Swiss studies [9, 28] . Also in line with previous literature reports from Germany [13, 29] and China [10] , a majority of needle stick injuries in Rostock occurred on surgical wards (28.8%) and internal medicine wards (27.8%). However, this is in line with the size of the respective departments of the University Hospital Rostock.
In Rostock, the highest number of needle stick injuries occurred during surgical activities, i.e., when cutting or sewing, with 24% of reported incidents. Strikingly similar high percentages were reported from a Swiss hospital with 30% [28] and a Chinese hospital with 29.8% [10] . Causing nearly a half of the injuries, injection needles were the most frequent instrument of injury penetrating the skin of the employees from Rostock. A retrospective analysis at the University Hospital of Monterrey, Mexico, showed similar results during an assessment period from 2006 to 2011 with 59.1% of injuries due to injection needles, 10.7% due to hypodermic needles, and 8.8% due to lancets [30] . In a Chinese study, as many as 75% of needle stick injuries to nursing trainees were due to injection needles [10] , and similar results were shown for Polish nurses in a study from 2005 [31] .
The adoption of safe instruments can reduce the infection hazard for employees. This could be most important for injection needles, which provide a bigger reservoir for potentially infectious blood than do hypodermic needles. An American interventional study between 1998 and 2002 showed a reduction of needle stick injuries among the nursing staff by almost 75% [17] . Whereas in anglophone countries nurses largely perform intravenous measures [32, 33] , such procedures are typically performed by medical doctors in Germany.
Achievement of optimum protection rates due to use of safe instruments requires adequate staff training, even in the case of automated protection systems [34] . With semiautomated or manually operated systems, training will increase the frequency of activation of the safety mechanisms [35] . Our data suggest that new and young personnel with low professional experience in hospitals are particularly affected by needle stick injuries. Accordingly, these professionals are particularly likely to benefi t from training. However, the study does not answer the question whether the observed higher number of injuries in young and lessexperienced employees is really due to less skilful work or due to the fact that unpopular and labor-intensive intravenous procedures are likely to be shifted to new coworkers who are usually low-ranking in the hospital hierarchy. In addition, older and professionally more experienced employees could have suffered from needle stick injuries but may have been less prone to report such incidents [7] . Not all kinds of safe instruments are well accepted by health care professionals. The market share of "blunt" hypodermic needles of only 3% is extremely low compared with 90% for safe intravenous catheters [36] . Furthermore, surgeons seem to be less likely to accept safe instruments than professionals from nonsurgical departments [37] . Previous estimations suggested that the use of available and well-accepted safe instruments could potentially avoid about one-third of reported needle stick injuries that occurred in risky medical procedures [38] .
As a rarely analyzed feature, the study also focused on the anatomical and temporal distribution of needle stick injuries. The percentage of fi ngers affected was even higher than in a Chinese study, where injuries of the left digits I and II and the right digit II dominated with 64.3% of injuries [10] . The observed dominance of the left body half presumably results from a quantitative dominance of right-handed professionals who hold the injuring instrument in their right hand. The high frequency of injuries of fi ngers and hands stresses the importance of wearing gloves, which of course will not prevent injuries due to cutting and sticking but at least protect against careless touching of sharp blood-stained instruments. The markedly decreased frequency of injuries at the weekend coincides with a reduced number of staff and should therefore not be interpreted as a sign of decreased risk of injury. The high frequency of injuries during the fi rst working hours of a shift coincides with the time when blood samples are usually collected, i.e., the time of the highest risk of exposure. An observed highest frequency of injuries during the fi rst working hours and in the morning when risky activities are most frequent was also reported by Polish [31] and Mexican [30] study groups, suggesting a global phenomenon.
The study has a number of limitations. Only reported injuries could be assessed, and a possibly high number of unreported cases may have occurred. During the needle stick survey at the University Hospital Rostock from the end of 2008 to 2009, the documented rate of needle stick injuries was 62% among the survey participants [7] . This suggests a moderate reporting rate compared with other studies that suggested underreporting of between 30% and 90% of the cases [9, 10, 39, 40] . The documentation of injuries was characterized by varying completeness of the data and fl uctuating quality. Unfortunately, only few protocols contained exact descriptions of how the accident occurred, e.g., due to failure of safety mechanisms or failure to activate the safety procedure. Further, the implementation of use of safe instruments had been a continuous process. Information was usually not available as to whether safe or unsafe instruments were being used when the accidents occurred. Thus, it was only possible to assess correlations with the proportions of the respective instruments distributed. All estimations were based on the numbers of safe and unsafe instruments distributed by the central pharmaceutical facility of the University Hospital Rostock. Further, exact data on these proportions could be provided only for some representative wards. Of note, the reporting rate prior to 2008 was evidently biased by low awareness. It remains unclear whether this awareness decreased again after the end of the needle stick survey in 2009 [7] , making the real impact of safe instruments on the low number of reported injuries since 2010 uncertain.
Conclusion
In spite of potentially confounding effects, the study suggests that the implementation of the use of safe instruments reduces needle stick injuries. However, in case of graduated implementation, i.e., a continuous process of replacing unsafe instruments by safe ones, which will be the standard situation for most large hospitals, this reduction is considerably less pronounced than in previously described interventional studies. Training sessions should support the implementation of the use of safe instruments to achieve optimum results. Organizational improvements might further improve infection hazards. As demonstrated as early as in 1989, the employment of professional phlebotomists, who free overstrained doctors or nurses from time-consuming intravenous procedures, contributes to a reduction of needle stick injuries [41] .
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